The effects of feeding Atriplex halimus treated with three developed enzyme cocktails to Barki sheep on feed intake, nutrient digestibility, N utilization, and ruminal fermentation were assessed. A. halimus was ensiled with two developed enzyme cocktails of ZAD1 ® (Z1) and/or ZAD2 ® (Z2) as liquid enzyme preparations (2 l/t) with 5% molasses and ensiled for 30 days. Three Barki rams (45 ± 3.2 kg) were used per treatment in five consecutive digestibility trials, while three ewes fitted with a permanent rumen fistula were used as source of inoculum for in vitro rumen fermentation trials. Barley grain (300 g/animal/day) was fed as energy supplement during the experimental trial for all diets. Five diets were composed as follows: A. halimus (leaves and stems) (D1); untreated A. halimus plus 4 g/animal/day ZADO ® (Z) (enzyme preparation in powder form) (D2); A. halimus ensiled with Z1 and barley plus 4 g/animal/day Z (D3); A. halimus ensiled with Z2 and barley (D3) plus 4 g/animal/day Z (D4); A. halimus ensiled with a combination of Z1 and Z2 (1 : 1) and barley plus 4 g/head/day Z (D5). For all trials, ad libitum A. halimus was offered twice a day at 9:00 and 16:00 h while barley grain was given once a day at 10:00 h. Both D1 and D2 diets increased (P <0.001) dry matter intake of A. halimus and total dry matter intake. Addition of 4 g/day of Z to Z1 and/or Z2 ensiled diets improved (P < 0.0001) organic matter, crude protein, crude fibre, and neutral detergent fibre digestibilities. Diets D1 and D2 increased (P < 0.001) N intake, whereas the direct addition of Z to D3, D4, and D5 decreased (P < 0.001) N balance and N balance/N absorption ratio. Sheep fed on Z in addition to Z2 ensiled A. halimus showed higher improvements for total volatile fatty acids (P < 0.001), ammonia N (P = 0.007), and microbial protein production (P = 0.003). It can be concluded that feeding sheep on A. halimus ensiled with Z1 and Z2 with direct feeding of Z enzyme preparation improved intake, digestibility, nitrogen balance and utilization, as well as rumen fermentation.
INTRODUCTION
There is a wide range of browse species capable of growing under saline soil and water conditions. Many of these plants represent a feed resource for livestock during the dry season (Salem et al. 2012a) . In general, they have a low content of crude protein (CP) with high fibre and ash content during summer (Papanastasis et al. 2008) . However, saltbushes contain high levels of CP (Norman et al. 2004; Al-Owaimer et al. 2011) . Much of the nitrogen is associated with non-protein compounds such as nitrates and proline. The CP and digestibility of neutral detergent fibre (NDF) and acid detergent fibre (ADF) vary, but it is possible that salinity levels may not affect these parameters (Masters et al. 2007) .
Saltbushes (Atriplex spp.) represent an important group of browses. They produce considerable amounts of biomass that can be used when herbaceous forage is scarce. A. halimus (AH) is found in semi-arid environments in the Mediterranean basin, where Egypt is located, and is valued as livestock forage when herbage availability is low (Le Houerou 1993) . However, AH is not highly used because of its deficiency in available carbohydrate and high fibre content and, therefore, barley grain has been suggested as energy source to stimulate the usage of saltbush. Feeding a high-energy supplement to saltbush pastures can increase its nutritive value and stimulate ruminal microbes to produce microbial protein (MP) and enhance carbohydrate digestion and detoxification of secondary compounds (Norman et al. 2008) . The AH contains up to 10% sodium chloride and secondary plant metabolites (Makkar 2003; Salem et al. 2006 ) which considerably affects its palatability and nutritive value (Abd El-Rahman et al. 2006; Salem et al. 2006) . The processing of AH (succulent and foliage parts) by ensiling enhances its acceptability in sheep and goats providing sufficient total digestible nutrients (TDN) and digestible CP (DCP) (Abd El-Rahman et al. 2006; Alsersy et al. 2015) .
The use of exogenous fibrolytic enzymes to enhance quality and digestibility of fibrous forage is on the verge of delivering practical benefits to ruminant production systems (Togtokhbayar et al. 2015) . It is well known that addition of exogenous enzymes to animal diets can improve feed utilization and animal performance by improving fibre degradation in vitro (Giraldo et al. 2008; Elghandour et al. 2013; Salem et al. 2015) , in situ (Chung et al. 2012) , and in vivo (Gado et al. 2009 Valdes et al. 2015) , increasing feed intake and digestion rate (Salem et al. 2012a, b) .
Proposed modes of action of direct-fed enzymes include solubilization of dietary fibre before ingestion, provision of readily fermentable substrate for ruminal microorganisms, and/or enhancement of microbial enzyme activity in the rumen . A variety of factors, such as the specific activity of the enzymes, their mode and way of application, as well as the type of animal and its diet, may affect enzyme efficacy. Direct-fed enzymes can also enhance microbial colonization of feed by increasing numbers of ruminal fibrolytic microbes to increase rate of degradation of fibre in the rumen (Giraldo et al. 2008; Gado et al. 2013) , as well as rumen MP synthesis (Yang et al. 1999; Nsereko et al. 2002; Gado et al. 2013 ) and forestomach digestibility. ZAD1 ® (Z1), ZAD2 ® (Z2), and ZADO ® (Z) are three enzyme cocktails obtained from anaerobic bacteria to increase the level of cellulolytic enzymes in ruminal anaerobic bacteria, which specifically transform polysaccharides into monosaccharides (Gado et al. 2009 , enhancing poor quality roughages. Gado et al. (2009) and Khattab et al. (2011) reported that Z1, Z2, and Z improved ruminal fermentation, feed intake, N balance, nutrients digestibility, and milk production as well as live weight gain and feed conversion of low quality roughages in sheep and goats. Activity of Z enzyme preparation starts immediately after feeding it to the animals.
The objective of the present work was to investigate the effect of adding Z powdered enzyme cocktail to untreated Z1 and/or Z2 (liquid form) ensiled AH on animal performance in terms of feed intake, nutrient digestibility, N metabolism, rumen fermentation, and rumen MP synthesis.
MATERIAL AND METHODS
A. halimus preparation. Leaves and stems of fresh Mediterranean saltbush (AH) were collected from the north-western desertic region, air dried, and chopped to 3 to 5 cm lengths and stored in a dry environment. Secondary metabolite concentrations in fresh (g/kg) and dried AH were: 13.3 and 7.2 total phenolics, 5.5 and 2.2 total tannin, and 7.3 and 2.6 alkaloids, respectively. Animals and treatments. Three Barki rams (45 ± 3.2 kg) per treatment were housed in individual cages and used in five consecutive trails for nutrient feed intake and digestibility determination, while three ewes (40 ± 2.6 kg) per treatment fitted with a permanent rumen fistula, as the inoculum source for in vitro rumen fermentation trials.
Barki sheep were fed on a basal diet formulated to meet their maintenance requirements (rams for doi: 10.17221/8133-CJAS 
and Z2 moisture contents = 40%; Z is a powdered multi-mix which contains cellulases, xylanases, protease, and α-amylase 2 1 U = amount (g or ml) of enzyme needed to release 1 μmol xylose/min from 5 mg/ml xylan solution (pH 5.5 and 37°C) 3 1 U = amount of enzyme needed to produce 1 mg glucose from starch in 1 h by 1 ml Z1 and Z2 or 1 g Z (pH 4.6 and 40°C) 4 1 U = amount of enzyme activity required to release 1 μmol reducing sugar from 4 mg/ml Na carboxymethyl cellulose in 1 min (pH 5.5 and 37°C) 5 1 U = amount of enzyme needed to produce 1 μmol amino acids from protein in 1 min (pH 5.5 and 37°C) nutrient feed intake and digestibility, and ewes for rumen fermentation experiments) (NRC 1985) composed of barley grain (300 g/animal/day) plus either treated or untreated AH ad libitum. The AH was moistened until an average dry matter (DM) content of 40% was reached, and was added or not with Z1 and/or Z2 (2 l/1000 kg of AH, on fresh matter basis) and molasses (5% of AH, on fresh matter basis), and then sealed with polyethylene sheet to be ensiled for 4 weeks of each treatment. Each diet was prepared a month before feeding it to animals. Barley grain (300 g/ animal/day) was fed as energy supplement during the experimental period for all diets.
Five experimental diets comprised of: AH (leaves and stems) (D1); untreated AH plus 4 g/animal/day ZADO ® (Z enzyme) (D2); AH silage treated with Z1 and barley plus 4 g/animal/day Z enzyme (D3); AH silage treated with Z2 and barley (D3) plus 4 g/ animal/day Z enzyme (D4); AH silage treated with a combination of Z1 and Z2 (1 : 1) and barley plus 4 g/head/day Z enzyme (D5) were proven. For all treatments, ad libitum AH was offered to animals twice a day at 9:00 and 16:00 h while barley grain was given once a day at 10:00 h. Feed intake was measured and expressed both as air dried feed and on DM basis. The D1 treatment is the same control diet of Alsersy et al. (2015) .
Three recently developed enzyme cocktails Z1, Z2, and Z were used in this study. Both Z1 and Z2 (liquid form) are live anaerobic bacteria with their enzymes, while Z (enzyme preparation in powder form) is a multi-mix containing cellulases, xylanases, protease and α-amylase, added to the related anaerobic bacteria which produce them, and coated with starch and glycol (Table 1) .
Nutrient digestibility. Each metabolism trial was conducted for three weeks as preliminary period and one week for sample collection. All animals were individually kept in stainless steel metabolic cages at room temperature with ad libitum access to water. Beneath each cage a 4 mm stainless steel mesh was placed to retain faeces with free passage for urine, which was collected through a funnel. Faeces and urine were collected once a day before the morning feeding and stored at -10°C for later analysis.
Seven-day collections of faecal samples were mixed and stored for later routine analysis. Faecal samples were dried out at 60°C for 72 h and ground through a 1 mm screen using a Wiley mill grinder (Arthur H. Thomas, Philadelphia, USA), using a 20 g faecal sample from each animal for analysis. Digestibility of DM was determined and expressed on DM basis.
Conventional analyses of feed (Table 2 ) and faecal samples were carried out according to AOAC (1997) The values of TDN intake as a percentage from total DM intake were calculated according to NRC (2001) by using total digestible nitrogen free extract (NFE) (tdNFE), CP (tdCP), EE (tdEE), crude fibre (CF) (tdCF) values according to the following equation: TDN (%) = tdNFE + tdCP + (tdEE -2.25) + tdCF.
Ruminal fermentation activities. In vitro zero order technique (Carroll and Hungate 1954) was applied for measuring rates of ammonia (NH 3 -N) and total volatile fatty acids production (tVFA). Rumen contents were collected from three rumen fistulated Barki ewes fed on each experimental diet consecutively at 8.00 h before feeding, and 1, 3, and 6 h after feeding. Rumen samples were mixed, homogenized, and filtered through a sieve with a pore size of 1 mm under continuous CO 2 flushing, closed with a tightly fitting rubber with an outlet Bunsen valve, and incubated at 39°C in thermostatically controlled water bath. Each sample was composed to comprise two thirds of fibrous material and one third of liquid (El-Shazly and Hungate 1965). At zero time incubation, two subsamples were transported, poured into another jar containing formalin (1 ml/100 g rumen contents), and vigorously swirled to stop metabolic activity.
After one-hour incubation, rumen samples treated with formalin were used to estimate NH 3 -N and tVFA concentration. Rumen samples taken at zero and at one-hour fermentation were strained through 4 layers of cheesecloth. Fifty ml of rumen liquor were deproteinized using 0.03 mol/ml of sulphuric acid (50 ml) and the volume diluted with water to 500 ml in a volumetric flask and filtered. The supernatant was used for determination of NH 3 -N concentration using MgO distillation method (AlRabbat et al. 1971 ) and tVFA were estimated using steam distillation as described by Warner (1964) .
MP synthesized in the rumen and fed in the four experimental diets was calculated as follows (Borhami et al. 1992 ):
MP (g/day) = tVFA production (mol/day) × 2 × 13.48 × 10.5 × 6.25/100 tVFA production = tVFA concentration (mol/100 ml; obtained from the in vitro zero order technique) × 10 × total rumen digesta (l) (when multiplicated by 10, the rate of VFA production/1 h/l is obtained, while multiplicated by 24 the rate of VFA production/24 h/l is obtained).
It was assumed that 1 mole tVFA yields 2 mole adenosine triphosphate (ATP) (Walker 1965) , 1 mol ATP produces 13.48 g microbial cell (DM basis) (Borhami et al. 1979) and N concentration of microbial cell is 10.5% (Hungate 1965) . Rumen digesta weight (kg) was estimated using the chromium ethylene diamine tetra acetate (Cr-EDTA) colourimetric method according to El-Shazly et al. (1976) . 
RESULTS
Intake and digestibility. Sheep fed the diets containing untreated AH (D1 and D2) showed higher (P < 0.001) DM intake of AH and total DM intake compared to those fed AH ensiled with different enzymes preparations (D3, D4, and D5). However, all diets containing AH ensiled with Z1 and/or Z2 enzyme preparations (D3, D4, and D5) improved (P = 0.032) the intake of air dried doi: 10.17221/8133-CJAS AH. Direct feeding of Z enzyme preparation to sheep fed untreated AH showed the highest (P < 0.001) values of both DM intake of AH and total DM intake compared to other diets. Addition of Z to untreated AH (D2) improved (P < 0.001) all nutrient digestibility vs D1. Moreover, addition of Z to Z1 and/or Z2 ensiled diets improved (P < 0.0001) organic matter (OM), CP, CF, and NDF digestibilities. Addition of Z to Z2 ensiled AH (D4) was the best diet. Diets containing untreated AH (D1 and D2) showed increased (P < 0.001) N intake (NI) compared to those containing Z1 and/or Z2 ensiled AH. However, D2 had numerically higher (P > 0.05) NI than D1. On the contrary, direct addition of Z to AH ensiled with different enzyme preparations (i.e. D3, D4, and D5) to sheep increased (P < 0.001) N balance and N balance/N absorption ratio (Table 3) . Ruminal fermentation and microbial protein synthesis. Sheep fed on Z in addition to Z2 ensiled AH (D4) showed higher improvements for all measured rumen fermentation parameters (tVFA, P < 0.001; NH 3 -N, P = 0.007; MP production, P = 0.003) followed by those of D5 fed Z1 + Z2 ensiled AH, when compared to those fed Z1 ensiled AH. Moreover, direct feeding of Z to sheep fed untreated AH (D2) numerically improved these fermentation parameters compared to those fed untreated AH without addition of Z (D1). No differences (P > 0.05) were observed for ruminal pH with different treatments. The production of tVFA, NH 3 -N, and MP was increased as time advanced reaching a peak 3 h after feeding and then gradually decreased (Table 4) .
DISCUSSION
Composition of A. halimus. Ensiling AH with exogenous fibrolytic enzymes is accompanied, in most cases, by degradation of various fibre fractions. In the current study, Z1, Z2 and their combination decreased CF content by 8.7, 10.4, and 9.4%; NDF by 27, 26.4, and 27.3%; ADF by 25.5, 24, and 26.3%, respectively. This may be due to reduction doi: 10.17221/8133-CJAS 
with Z enzyme at 4 g/animal/day, D3 = Z1 ensiled AH supplemented with Z enzyme at 4 g/animal/day, D4 = Z2 ensiled AH supplemented with Z enzyme at 4 g/animal/day, D5 = Z1 + Z2 ensiled AH supplemented with Z enzyme at 4 g/animal/day 1 all diets supplemented with 300 g air-dried barley/animal/day or 266 g dry matter/animal/day a-d means in the same row with different superscripts are significantly different (P < 0.05) of structural polysaccharide fractions (Facchini et al. 2011) . The different response between Z1 and Z2 or their combination depends on the content of different enzymes (Table 1) . The current study showed that enzyme treated or untreated AH silage can be used as a basal diet for ruminant production in arid and semiarid regions (Alsersy et al. 2015) . Feed intake and digestibility. Treating AH with Z1 and/or Z2 decreased total DM intake and increased air dried intake from AH silage. This may be due to the moisture concentration (up to 60%) of silage which may increase the satiety of sheep and decrease feed intake (Alsersy et al. 2015) . Increased air dried intake from enzymes treated AH silage may be due to increased palatability of the diet due to sugars released by pre-ingestive fibre hydrolysis. However, post-ingestive enzyme effects, such as increased digestion rate or extent of digestion (Krueger et al. 2008 ) may increase hydrolytic activity in the rumen to reduce gut fill and enhance feed intake (Adesogan 2005; Alsersy et al. 2015) . Addition of Z enzyme preparation improved feed intake when it was added alone to untreated diet. Khattab et al. (2011) found that diets ensiled with Z1 or direct addition of Z did not affect feed intake in goats. Salem et al. (2011) reported that feed intake of animals was improved when fed AH added with Z . Nutrients digestibility and N utilization. The AH ensiled with Z1, Z2 and addition of Z to barley showed the highest values for all nutrients digestibility with the exception of nitrogen free extract. These results are similar to other reports that showed an increase in nutrients digestibility with the same exogenous fibrolytic enzymes preparations of Z1 and Z2 or Z (Khattab et al. 2011; Salem et al. 2012a, b) . The AH ensiled with Z2 showed the highest values for all nutrients digestibility with the exception of NFE. The improved digestibilities with the addition of Z after Z2 than Z1 and/or Z2 preparations may be related to their enzymes contents. Z2 contains more xylanase, cellulose, and α-amylase than Z1 preparation which encourages pre-ingestive fibre hydrolysis. Addition of both enzyme preparations was less effective than that of Z2, maybe because the increasing enzyme concentrations prevented binding of enzyme to substrate receptors, which reduced proportional attachment by ruminal microorganisms to fibre (Treacher and Hunt 1996) . Direct addition of Z improved ruminal fermentation kinetics which positively improved rumen fermentation resulting in higher digestibilities (Valdes et al. 2015) . These results are similar to other reports that showed an increase in nutrients digestibility with the same exogenous fibrolytic enzymes preparations of Z1, Z2, and Z (Khattab et al. 2011; Kholif et al. 2012) . Exogenous fibrolytic enzymes are supposed to increase fibre digestion by many mechanisms: by increasing the rate of ruminal digestion of the potentially digestible fibre (Yang et al. 1999) , reducing digesta viscosity (Hristov et al. 2000) , and alterations in ruminal fermentation (Nsereko et al. 2002) . Exogenous fibrolytic enzymes also enhance attachment and colonization to the plant cell wall by ruminal microorganisms (Wang et al. 2001; Chung et al. 2012) and/or by synergism between exogenous enzymes and enzymes in rumen fluid (Eun et al. 2006) . Eun et al. (2006) demonstrated synergism between exogenous enzymes and ruminal enzymes in such a way that the combined net hydrolytic effect in the rumen was much greater than that estimated from individual enzyme activities. Moreover, Wang et al. (2001) reported that diet supplementation with enzymes increased the numbers of non-fibrolytic and fibrolytic bacteria in a batch culture system with rumen fluid. Stimulation of rumen microbial numbers by the use of enzymes could result in higher microbial biomass, which would provide more total polysaccharides activity to digest different feeds and degrade secondary metabolites. This possibility, however, was not supported by Nsereko et al. (2002) and Krueger et al. (2008) , who showed that while cellobiose and glucose utilizing bacteria were stimulated, effects on the fibrolytic population were negligible. Our results indicate that enzyme supplementation could increase the quantity of MP available to animal metabolism, and this may increase fibre digestibility and metabolizable energy level of diets.
Although enzyme preparations (Z1, Z2, and Z) decreased (P < 0.001) NI per DM consumption, with improving (P < 0.001) CP digestibility, N balance was higher in diets with directly added Z1, Z2, and Z. This indicates N utilization improvements in tree fodder forages as a result of application of the exogenous fibrolytic enzyme preparations (Salem et al. 2012a) .
Ruminal fermentation activities. Treatments of Z1 and Z2 or addition of Z enzyme preparations to diets improved (P < 0.001) the production of tVFA and NH 3 -N, and slightly (P > 0.05) affected pH values. The increase in ruminal tVFA and NH 3 -N suggested that treatments of Z1, Z2 or addition of Z preparations treated AH were more efficient and yielded more tVFA and NH 3 -N than the control. tVFA results suggested that treatment of Z2 with addition of Z improved the anaerobic ruminal fermentation of AH which stimulated it to yield more VFA. This improved yield of VFA may be due to the increases of OM digestibility in treated diets, especially D4. Increased NH 3 -N concentration in animals fed Z2 ensiled AH with addition of Z supported its capability to enhance rumen protein degradation, probably because it contained protease enzymes (Gado et al. 2009; Khattab et al. 2011) . It may also be due to the synergistic effect of the exogenous enzyme and the endogenous enzyme, especially the proteolytic enzyme, or the enhanced activity of microorganisms.
Rumen MP of sheep was significantly improved by feeding AH ensiled with Z2 and/or Z1 with the addition of Z preparations. It is well known that MP synthesis is a good indicator of beneficial effect of feed utilization. The MP has the most significant impact on both quantity and quality of metabolizable protein absorbed from the small intestine.
Feeding the enzyme preparation may have stimulated and/or increased total viable rumen bacterial
